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4.09 
The coupled horizontal sliding and rocking response of block foundations, subjected to a ham1onic horizontal force or a moment or 
both has been determined. Computed response have been compared with that from an experimental study carried out by Kovak and 
Beredugo ( 1971, 1972). The computed values do not match the measured response. The computed stiffness and damping were 
modified to match the measured response. More analysis of experimental data is needed to determine necessary correction factors. 
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INTRODUCTION 
Coupled horizontal sliding and rocking motion of a block 
foundation has been studied, using Gazetas's (1991) equations 
for stiffness and damping. frequency dependent stiffness and 
damping parameters are used. Figure 1 shows legends for 
dimensions and depth and effective depth of footing. 
STIFF:';"ESS AND DAMPING 
Stiffness of Surface Footing 
Sliding Horizontal Stiffness 
(I) 
where: 
Kymr =stiffness of the surface footing in sliding 
kr =the dynamic stiffness coefficient obtained ti"om Fig 3 
G = Shear Modulus of the soil 
v =Poisson's ratio 
2B ~ base width 
2L ~base length. 
X~ (At,)/(4L') 
All = the base contact area. 
Rocking Stiffness : 
(2) 
where: 
Ihx =Area Moment of inertia of the foundation-soil about the x 
axis. 
krx =dynamic stifthess coefficient and is given by 
(3) 
Coupling Stiffness 
for a fooling resting on the surface, the coupling stiffness 
becomes zero since din equation (6) is zero. 
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Embedded Footing 
S1iding Horizontal Stiffness: 
K , = K (I >0.15 j;)[l 
yem" ,·,rur ~ B '0.52( 1>_11,_ )0 'lk B L 2 Y (4) 
where: 
Aw =total side-wall soil contact area 
k Y = multiplier for dynamic coeflicient of stiffness for an 
embedded footing. (Fig 2) 
D ~ total depth of embedment 
d = the effective depth of embedment. 
Rocking Stiffness : 
d d d _,H 
K = K (I '1.26-[1 >-(-) -]) k 
n:emh rx.rur B B D L rr 






K - '!_K 
yrxemb 3 }'emb 
y I 'A - r. l p · ,c (-;a 0 
' Y B 
p ~ density of the soil 
Vs =shear wave velocity 












C ,=4nVBLc-4pVBd+4pV1 Ld Y""' ~"s y ~ a 
where: 
V13 = Lysmer's Analog velocity 
Cy is obtained from Fig 3 
Rocking 
where: 
4 4 C = -pV B 3Lc +-pV d 3Lc ~n:;emb 3 Ia rr 3 fa I 
c, = o.25 +o.6s;;;r;c d l 
D 
C,.. can be obtained from Fig 3 
Coupling Tem1 
c - '!.c 
yn 3 yeml> 





The block foundation is subjected to horizontal harmonic 
force P ~ .. ith a rotating mass oscillator and a moment .:\1; the 
force P and moment M are then arc of the form, 
M =Po 
where: 
me = rotating mass 
w - excitation frequency 
e- eccentricity of the rotating mass m, 
0 ---eccentricity of the moment 
When excited by horizontal force 'P' only : 
A 
p ((Kq,q, -M.w2 ) 2 + (wc,¢) 2 )' 12 
' m]vf"' 11 
(12) 
(13) 
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P ( K2 + (wC: )'}112 x1)l 'x¢ 




A~ is the sliding amplitude 
A<!J is the rocking amplitude 
And 6. is given by the expression, 
K K C C C 2 ~ = [{w4-(~~_____1±+~-------=-!_)w2+ 
m Mm mAf, m:w"' 
K K K 2 (~-~)}1 
mMm mM.., 
+ {( KnC<I><I> _ KNlCxx 2K><PC~'~) 
mM m,\1 mM 
m m m 
When excited by Moment M only: 
IK2 +wzC2]'" M x¢. ~ .r<P 
lvf,.m d 
Case III 
When both Force (P) and Moment (M) are present : 
MK~,!i I LW(C<t>q/' MC,¢)1'} 112 
mM.,!J. 
\li'K,<t> -M{Ku -mw2 )]2 _' _IW(Cx¢p -MC'n~J2:_ 
mM,.,!!. 
Amplitude 'A' of the top of this block is then. 
H A =A '-A 
" 2 rt> 









"' 2 111,2 
1 K K -(~+~)± 
2 m M 
(21) 
m 
which is the same expression obtained by Kumar and Prakash 
( 1995) but the expressions for amplitudes arc different as 
there seems to be a mistake in the derivation of the 
expressions by them. 
EXPERIMENTAL SETUP 
1\ovak and Beredugo (1972) carried out field study on a 
concrete block having a square base and subjected to 
horizontal forces. The base area was 5 ff (Novak and 
Beredugo, 1971). The test equipment consisted of: 
(i) A Lazan C'v!achanical Oscillator producing a frequency 
dependent exciting force with a maximum eccentric 
moment of 18lb-in in either vertical or horizontal 
directions. 
(ii) A 220 V three-phase motor fitted with a Kopp Variator, 
providing stcplcss speed variation from 300 to 3600 
revolutions per minute, and connected with the oscillator 
by a flexible shaft. 
(iii) A dual beam storage oscilloscope. 
(iv) A Brush t\vo channel recorder. 
{v) Two IRD electrodynamical vibration pick-ups which 
measured absolute quantities. 
(vi) A portable self-powered IRD Vibratioo Meter (Model 
306) 
(vii) A "Strobotac'' Stroboscope for accurate measurement of 
speed. 
The following properties of the subsoil were obtained from 
dynamic calculations.: 
Mean bulk density of undisturbed soil y 1 = t 6.17 kN/m3 
Moisture content of soil w - 16% 
Void Ratio ofumlisturbed soil e- 0.9 
Shear modulus of undisturbed soil G,"' ~ 31600 kN/m' 
Poisson's ratio of undisturbed soil v = 0.38 
Length of the square block (2L} ~ 0.768 m 
Height of the block D ~ 1.31 m 
:Mass of the foundation m = 1.446 \.1g 
COMPARISON OF COMPUTED AND 
EXPERIMENTAL RESULTS 
Kovak's Experimental Data 
Novak and Reredugo's (1972) experimental results for a 
surface footing have hccn plotted in Fig 4. The combined 
amplitude has been plotted against frequency. The data on 
which this plot is based is shown in Table 1. The natural 
frequencies from Fig. 4 are 12 Hz and 19Hz, the first natural 
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Dimensionless graph for 
determining the dynamic 
coefficeint of sliding stiffness 
for foundations with 
(a)L/B~I(b) L/8~2 (c) L/8~6 













Dimensionless graph for 
determining the coefficient 
of radiation damping in (a) 
sliding (b) rocking modes of 
vibrations (after Gazetas, 1991) 
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Table 1 Measured Amplitudes 
Frequency A, A~ A,*H/2.0 
(Hz) (10''m) ( 1 o·'·ract) oo·''m) 
10 2 0.035 0.053 
12 10 0.51 0.78 
13 24 0.6 .92 
15 4.1 0.93 1.4 
18 3.4 1.6 2.5 
20 2.4 9.0 14 
22 2.3 5.7 8.7 
25 2.3 4.0 6.1 
30 2.2 2.3 3.6 
40 2.2 0.83 1.3 
frequency corresponding to the sliding and the other 
corresponding to rocking. 













The computed amplitude of oscillation of the upper edge of 
the block, (equation 20), have been plotted \Vith frequency in 
Fig, 5. The natural frequencies obtained are 30Hz and 34.0 
Hz. Table 2 lists measured and computed values for fn and A. 
Table 2. Measured and Computed Natural 
Frequencies and Amplitudes 
MEASURED VALUES COMPUTED VAI.LES 
f", fn:!. A, A, ~11 fn~ A, A, 
(m) (m) (m) (m) 
12 19 2.5* 1.75* 30 34 4* 2.9* 
1 o·' 1 o-5 10' 1 o-s 
In fact the frequency of 34 Hz ls more or less suppressed due 
to probably high damping in the system. Also the t\vo natural 
frequencies are much higher than the observed frequencies. 
This shows that the stiffness of the foundation is 
overestimated in the theoretical foumulation. The lower 
frequency corresponds to the rocking motion and the higher 
one corresponds to the sliding motion. It can be seen here that 
due to higher damping in the sliding motion, the response 
does not show a clear peak at the natural frequency 
corresponding to sliding. 
It was therefore, decided to modify the stiffness and damping 
coefficients to match the computed and the measured 
response. \129 
figure 6 shows the computed response of the block after the 
stiffness values were adjusted to match the measured natural 
frequencies obtained in experiments. The stiffness in sliding 
and rocking were both reduced arbitrarily till the computed 
natural frequency corresponding to sliding and rocking 
matched the corresponding experimental values. The stiffness 
in sliding was reduced to 12% the original computed value 
and the stiffness in rocking was reduced to 42% the original 
value. The two sets of natural frequencies match reasonably 
well. However the computed amplitudes are different from 
the measured amplitudes (Table 3). 
Table 3 Measured and Computed Frequencies 
and Amp1itudes after correction to 
stiffness only 
MEASURED VA LUES COMPUTED VA LUES 
f,!l fn2 A, A, f,.~ f,,z A, A, 
(m) (m) (m) (m) 
12 19 2.5* 1.75* 12.5 19.5 7* 2.9* 
IO·' 10·' !Q·' 10'' 
The damping corresponding to sliding motion seems to be 
larger and that corresponding to rocking motion seems to be 
smaller than the experimental values. The damping values 
were then adjusted to match the measured amplitudes. The 
damping in sliding was reduced to 22% the original computed 
value and the damping in rocking was increased to 42 times 
the original value. 
Table 4 Measured and Computed Frequencies 
and Amplitudes after Correction to Both 
Stiffness and Damping 
YIEASURED V ALlJES COMPUTED VA LUES 
f"' fn:! A, A, fcc fn2 A, A, (m) (m) (m) (m) 
12 19 2.5* 1.75* 12 19 2.5* 1.7* 
10' 10 5 JO·' !Q·' 
Finally computed frequencies and amplitudes are listed in 
Table 4. 
A plot of the measured and computed response is shown in 
Fig. 7. 
Discussion 
This model suffers from several drawbacks. The sliding and 
rocking stiffness and damping values are not properly 
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The computed natural frequencies and amplitudes have been 
matched well for all practical purposes by arbitrary 
corrections to all the stiffnesses and damping values. Many 
more experimental data needs be analysed to develop rational 
correction factors which may be used by a practicing engineer. 
In a companion paper (Prakash and Tseng 1998), vertical 
vibrations were analysed and a correction factor to radiation 
damping was determined for use by the practicing engineer. 
CONCLUSIONS 
A comparison of the computed and measured response of 
block foundation in horizontal sliding and rocking was 
attempted. It appears that according the selected model, 
arbitrary corrections need be applied to both stiffness and 
damping. More analysis is needed to develop these correction 
factors. 
ACKNOWLEDGMENT 
The manuscript was typed by Charlena Ousley with great 
care. This help is acknowledged. 

















Area of foundation base 
Actual sidewall-soil contact area 
Amplitude of sliding at C.G. of foundation? 
Amplitude of rocking at C.G. of Foundation? 
Half-width of foundation base 
Damping 
Damping in sliding 
Damping cross-term 
Damping in rocking 
Radiation damping in sliding for surface 
footing 
Radiation damping in rocking for surface 
footing 
Radiation damping in sliding for embedded 
footing 
Radiation damping in rocking for embedded 
footing 
Coupled term 
Dynamic coefficient of radiation damping in 
sliding 
Dynamic coefficient of radiation damping in 
rocking 
Embedded depth of foundation 
Effective sidewall-soil contact height 
Maximum shear modulus 
Half height of the foundation block 















Stiffness in sliding 
Stiffness cross-term 
Stiffness in rocking 
1131 
Stiffness in sliding for surface footing 
Stiffness in rocking for surface footing 
Stiffness in sliding for embedded footing 
Stiffness in rocking for embedded footing 
Dynamic coefficient of stiffness in sliding for 
surface footing 
Dynamic coefficient of stiffness in rocking 
Half-length of foundation base 
Mass of foundation 
Moment 
Mass moment of inertia 
Frequency dependent force 
Shear wave velocity 
Lysmer's analog velocity 
Eccentricity of the moment 
Rotational frequency 
Ab. /4L' 
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